ABSTRACT -The objective of this work was to evaluate the effects of cattle manure, reactive natural phosphate and biotite schist on the soil fertility, yield and nutritional status of Megathyrsus spp. cv. Massai. The experiment was conducted under field conditions, in a dystrophic Red Yellow Latosol (Oxisol). It was used a randomized block experimental design with the following treatments: three natural reactive rock phosphate from Algeria (Djebel-Onk) doses (0, 100 and 200 kg ha -1 of P 2 O 5 ), three biotite schist doses (0, 150 and 300 kg ha -1 of K 2 O) and three cattle manure doses (0, 20 and 40 t ha -1 ).
Introduction
In intensive cattle dairy system, pasture field grazing capacity could be improved by application of fertilizers, including limestone, sodium, phosphorous and potassium and micronutrients. Werner et al. (1996) recommend the use of 40, 100 and 60 kg ha -1 of N, P 2 O 5 and K 2 O in new pasture fields set in soils with low fertility, while for its maintenance, 80, 50 and 50 kg ha -1 would be necessary, respectively.
Application of cattle manure and/or reactive natural rock phosphates revealed productivity increases in pasture fields (Scherer et al., 1984; Sanzonowiscz & Goedert, 1986; Moreira & Malavolta, 2001 ). However, in organic systems, the sources of potassium are restricted to ashes, potassium sulfate, vinasse (from sugarcane processing) and mulch (AAO, 2000) , making necessary to find new alternative sources of K. Oliveira et al. (2006) and Castro et al. (2006) found that the application of crushed biotite schist or alkaline ultramaphic rocks to soybeans and sunflowers crops caused an increase on dry matter yield similar to that obtained with the application of potassium chloride.
Most of the Brazilian dairy pasture fields are planted with Urochloa spp. and Megathyrsus spp. In the case of Megathyrsus spp., the Massai cultivar, a natural hybrid of M. maximum and M. infestam, appears to be a promising alternative forage for tropical edaphoclimatic conditions, because of its low seasonal variation, good crude protein content and good growth even in soils with low natural fertility (Valentim et al., 2001) .
The objective of this study was to evaluate the effect of cattle manure, reactive natural rock phosphate (RNRP) and biotite schist on soil fertility and production and on nutritional value of a hybrid of Megathyrsus spp., Massai cultivar.
Material and Methods
The experiment was performed in 2006 at the Embrapa Pecuária Sudeste above a dystrophic Red Yellow Latosol (Oxisol or Typic Hapludox -Fageria, 1989) , with medium texture (483 g kg -1 ). After correction with dolomitic limestone [27.1% of CaO, 17.5% of MgO and ECC = 92.1% (percent of effective calcium carbonate)] to raise the base saturation to 70% (Werner et al., 1996) , the top layer (0-20 cm) presented the following chemical characteristics: pH in CaCl 2 = 6.0; P = 16.1 mg dm -3 ; K = 0.8 mmol c dm -3 ; Ca = 45.0 mmol c dm -3 ; Mg = 21.0 mmol c dm -3 ; H+Al = 22.0 mmol c dm -3 ; and CEC = 88.9 mmol c dm -3 .
The treatments consisted of three doses (0, 100 and 200 kg ha -1 of P 2 O 5 ) of reactive natural rock phosphate (RNRP) from Algeria (Djebel-Onk), with 29% P 2 O 5 (9% being soluble in citric acid) and 12% of Ca, three doses (0, 150 and 300 kg ha -1 of K 2 O) of biotite schist (2.0 mmcrushed): pH H2O = 8.5, K 2 O = 4.3%, CaO = 2.8%, MgO = 15.1%, P 2 O 5 = 0.01%, PN = 0% and SiO 2 = 54.6%, and three doses (0, 20 and 40 t ha -1 ) of cattle manure: N = 5.0 g kg -1 , P = 2.6 g kg -1 , K = 6.0 g kg -1 , S = 1.0 g kg -1 and Ca = 2.0 g kg -1 (Berton, 1997) . Full doses of natural rock phosphate, 2 / 3 of the cattle manure and 2 / 3 of the potassic rock were incorporated to soil 20 days before planting. After the third cutting, the remaining potassic rock and cattle manure were applied as top dressing.
A randomized block design with confounding treatment was used, with one replicate (Gomes & Garcia, 2002) . The distribution of the treatments (cattle manure, natural rock phosphate and biotite schist) was the following: Block I, 000, 012, 021, 101, 110, 122, 202, 211 and 220; Block II, 001, 010, 022, 102, 120, 200, 212 and 221; Block III, 002, 011, 020, 112, 121, 201, 210 and 222 , and an additional with cattle manure, natural rock phosphate and potassium chloride (60% K 2 O), in proportions of 40 t ha -1 , 100 kg ha -1 of P 2 O 5 and 150 kg ha -1 of K 2 O. The quantities of KCl and cattle manure were used similarly in the treatments. The land plots were rectangular, 5.0 meters by 3.0 meters, with a useful area of 3.0 m 2 , and the plant samples were collected from a square of 1.0 m 2 randomly chosen in the plots.
First cutting was carried out 60 days after sowing and six cuttings (harvest) were performed. After the harvest, the vegetable material was weighed and dried at ±65 o C to determine dry matter yield. Before planting and after each cutting (harvest), samples were taken from the topsoil at a 0-20 cm depth to determine the pH (CaCl 2 ), available phosphorous and exchangeable potassium, calcium, magnesium and H+Al, soil organic matter and S-SO 4 (Raij et al., 2001) . After each cutting, cattle were allowed to graze on the parts of the not sampled plots.
After drying, samples from the aerial parts were ground and submitted to chemical analyses. Total nitrogen was extracted by sulfur digestion and measured by the microKjeldahl method (Bataglia et al., 1983) . Total P, K, Ca, Mg, S, Cu, Fe, Mn and Zn were determined according to the method described by Malavolta et al. (1997) .
The data were submitted to variance analysis (ANOVA) and the least square means obtained were compared by Tukey test and regression analysis at p≤0.05 (Gomes & Garcia, 2002) . Pearson correlation coefficients between dry matter yield (DMY) and levels of available and exchangeable elements in the soil and plants were also estimated.
Results and Discussion
A significant effect of natural rock phosphate application was observed on dry matter yield of Massai cultivar, while the use of up to 40 t ha -1 of cattle manure and 300 kg ha -1 of K 2 O in the form of biotite schist and their interactions had no effect (Table 1 ). In case of reactive natural rock phosphate (RNRP), there was an increase of 25% in forage volume, which is equivalent to an estimated enhance of 2.3 t ha -1 year -1 .
Similar increases in dry matter yield with the addition of phosphorous on Urochloa decumbens were obtained by Yost et al. (1982) and Soares et al. (2000) by incorporating 150 kg ha -1 of natural rock phosphate from North Carolina (30% of P 2 O 5 ) and 100 kg ha -1 of reactive natural rock phosphate from Gafsa (28% of P 2 O 5 ), respectively. Similar quantities of triple superphosphate (soluble source -40% of P 2 O 5 ) were also obtained with the use of RNRP (Arad and North Carolina) by Moreira & Malavolta (2001) with alfalfa (Medicago sativa) and Brazilian butterfly peas (Centrosema pubescens Benth). These gains in yield are because of the function of phosphorous in plant metabolism, which plays an important role in energy storage and transfer, acting mainly in the form of adenosine diphosphate (ADP) and triphosphate (ATP) on respiration of the plants, photosynthesis, synthesis of nucleic acids and transport of ions through cell membranes (Hopkins, 1995; Fageria, 2009 ).
There was no significant increase in dry matter yield after application of cattle manure (Table 1) was probably because of the predominant organic form of the nitrogen present after incorporation of the manure into the soil (Kiehl, 1999) . Nitrogen is assimilated from fresh manure only if mineralization or ammonification of the soil organic matter occur before, but in this period the nitrogen becomes immobilized by decomposing microorganisms, which is intimately related to the metabolism of carbon (Aita & Giacomini, 2007) . By reducing the availability of nutrients to the plants (mainly C 4 plants), nitrogen assimilation is accelerated (Hopkins, 1995) .
The effects of manure application have also been analyzed by other authors (Scherer et al., 2006; Oliveira et al., 2007) , showing a significant increase in productivity through a quadratic effect, except at the highest doses. Machado et al. (1983) also observed the effect of cattle manure with the application of 20 t ha -1 , where the yields of two harvests of irrigated rice (Oryza sativa) were similar to those of control plants.
In the case of biotite schist, although other authors have found significant enhancement of dry matter yield of sunflowers and soybeans (Castro et al., 2006; Oliveira et al., 2006) , in other crops such as corn (Resende et al., 2006) there was no significant effect, regardless to the dose applied in it. According to Straaten (2007) , in structure of biotite schist, potassium is present in the phyllosilicates between the tetrahedron layers of aluminum and octahedron layers of silicon or magnesium, avoiding release of the nutrient and availability to the plants. In this study, the dry matter yield with application of biotite schist was similar to that after KCl application (Table 1) .
Seasonal variation of Massai cultivar forage yield was 61.2% in the spring and summer and 38.8% in the fall and winter. Lempp et al. (2001) found low seasonable variation of forage on this species, with 52.7% of yield in rainy season and 47.3% in dry season. This phenomenon, which occurs in most of tropical forage species, is determined mainly by climatic limitations, particularly those caused by water and temperature fluctuations (Müller et al., 2002) .
The analyses of the dry matter yield showed that the addition of cattle manure raised the sodium and potassium levels and reduced the magnesium one ( Table 2 ). The application of natural rock phosphate caused an increase in the phosphorous level and a reduction in the boron level, while the addition of biotite schist significantly raised only the potassium level ( Table 2 ). The three types of fertilizers did not influence the levels of calcium, sulphur, copper, iron, manganese and zinc in the dry matter yield. (Table 2 ).
The addition of phosphate reduced the level of boron (Table 2) probably because of the nutrient own limitation caused by the positive interaction among phosphorus and boron which enhances the uptake. (Fageria, 2009 ).
In the absence of foliar concentration indicated as standard on the evaluation of the nutritional state of Massai cultivar in Brazilian conditions, the average concentrations in the plant tissue (aerial dry matter) presented the following order for macronutrients and micronutrients: K>N>Mg>P>Ca>S, and Fe>Mn>Zn>B>Cu, respectively ( Assuming as adequate the nutrient level in Megathyrsus spp., regardless of the cultivar, it was found that means of nitrogen (20.4 g kg -1 ), phosphorous (7.5 g kg -1 ), potassium (23.4 g kg -1 ), magnesium (13.8 g kg -1 ), sulphur (3.0 g kg -1 ), iron (292.9 mg kg -1 ) and zinc (7.5 mg kg -1 ) were above those found by Gallo et al. (1974) and Pinkerton et al. (1997) , while those of calcium (6.1 g kg -1 ), B (6.0 mg kg -1 ) and manganese (71.6 mg kg -1 ) were considered low (Table 2 ). For nitrogen, the average concentration in the treatments was 32% above those found by Lempp et al. (2001) for the same cultivar.
Application of cattle manure increased the content of soil organic matter and available S-SO 4 in the soil, while pH, available phosphorus, potassium, calcium, magnesium and exchangeable H+Al were not significant (Table 3) . Addition of 20 and 40 t ha -1 of cattle manure increased the organic matter content by approximately 2 and 4 t ha -1 of carbon, respectively (Berton, 1997) , without considering the mulch and manure left by the grazing animals after each cutting. In the case of the verified enhanced content of S-SO 4 in the soil, it is estimated that over 95% of the sulphur in soils is found in organic compounds, with plant residues and animal droppings constituting the major source (Tabatabai & Bremner, 1972) .
The higher the rates of natural rock phosphate, the higher the levels of available P, exchangeable H+Al and soil organic matter (Table 3 ). In the case of exchangeable H+Al, considering that ammonia is one of the first products formed, the application of P must have been accelerated the initial decomposition of the soil organic matter, increasing the soil acidity. When the ammonia is converted into nitrate, H + ions are released, temporarily raising the exchangeable and non-exchangeable acidity of the soil (Sousa et al., 2007) .
The application of biotite schist raised the concentration of exchangeable potassium in the soil from 0.8 to 1.1 mmol c dm -3 (Table 3) . Although this rock contains high quantities of Ca (2.8%), Mg (15.1%) and SiO 2 (54.6%) and it has a high pH H2O index (8.5), these variables were not affected by treatments. It is likely that the mineral structure of the rock avoids solubilization of these elements which are more easily absorbed at the surface of clays when compared to potassium (Straaten, 2007) .
The dry matter yield (t ha -1 ) presented a positive relationship with available P-soil, mg dm -3 (ŷ = 8.42+0.13x-0.0023x 2 , r = 0.45) and P-plant, g kg -1 (ŷ = 1.24+1.46x-0.040x 2 , r = 0.66), and Mg-plant, g kg -1 (ŷ = 18.64+1.27x-0.44x 2 , r = 0.61) and negative with the B-plant, mg kg -1 (ŷ = 1.08-1.13x, r = 0.47). Maximum estimated yield was obtained when the concentration of available P in the soil and plants and of Mg in the plants were 29.5 mg dm -3 , 18.3 g kg -1 and 14.3 g kg -1 , respectively. For the foliar B, the lowest dry matter yield estimated was obtained with a foliar content estimated at 8.5 mg kg -1 . These values could be used as a reference to define suitable levels of these elements in the soil and plants. Moreira et al. (2008) , analyzing the P:Mg ratio in alfalfa, observed a positive relationship between these elements and the DMY. 
Conclusions
Natural rock phosphate is more efficient in increasing dry matter yield of Massai cultivar than both fresh cattle manure and biotite schist. Concentration of sodium and potassium in dry matter yield increases with cattle manure addition, while the natural rock phosphate enhances phosphorous and boron and the biotite schist the potassium concentration.
Application of cattle manure improve organic matter content and S-SO 4 , the natural phosphate increase phosphorous level, soil organic matter and exchangeable H+Al, and the biotite schist the exchangeable potassium. Table 3 -Least square means of pH (CaCl 2 ), P, K, Ca, Mg, H+Al, SOM and S-SO 4 after six harvests of Massai cultivar
